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The three most important  reasons  t o  e s t a b l i s h  space- 

a c c e s s i b i l i t y  of new wavelength r e g i o n s ,  

based as t ronomica l  o b s e r v a t o r i e s  are,  i n  p r i o r i t y  o r d e r  

1. 
2.  s p a t i a l  r e s o l u t i o n  c a p a b i l i t y ,  and 
3 .  non-varying background. 

Increased  s p a t i a l  r e s o l u t i o n  i s  a double-edged 
b e n e f i t  : 

1. f o r  t h e  direct  a p p l i c a t i o n  of h igh  r e s o l v i n g  
power t o  see smal l  d e t a i l  and resolve wi th  
s m a l l  angular  ex ten t ;  

2.  f o r  the i n d i r e c t  e f fec t  of i n c r e a s i n g  t h e  
a b i l i t y  of t h e  t e l e scope  t o  see f a i n t e r  
o b j e c t s  by compressing more photons i n t o  
a sma l l e r  image. 

The performance c a p a b i l i t y  of a large space t e l e s c o p e  
i s  desc r ibed  i n  terms of f i e l d  of  view and r e s o l u t i o n .  
requirements  t o  o b t a i n  h igh  r e s o l u t i o n  i n c l u d e  

System 

1. m i r r o r  s u r f a c e  accuracy 
2 .  mi r ror  alignment 
3 .  p o i n t i n g  s t a b i l i t y  
4 .  thermal c o n t r o l .  

T h i s  memorandum s p e l l s  o u t  some s p e c i f i c  areas of 
s c i e n t i f i c  i n t e r e s t  which w i l l  p r o f i t  from space-based obser -  
vatories.  
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I. INTRODUCTION 

This  memorandum i s  based i n  p a r t  on n o t e s  prepared  
f o r  an o r a l  p r e s e n t a t i o n  given on January 3 0  t o  Bellcomm 
management as p a r t  of an astronomy seminar.  The s c i e n t i f i c  
reasons  f o r  doing astronomy from space have been desc r ibed  by 
many a u t h o r s ,  and t h e  Bibliography i n c l u d e s  some of t h e s e .  

There are t h r e e  extremely impor tan t  reasons  t o  
e s t a b l i s h  space-based o b s e r v a t o r i e s .  
t h e s e  are 

I n  p r i o r i t y  order 

1. 
2.  s p a t i a l  r e s o l u t i o n  c a p a b i l i t y ,  and 
3 .  non-varying background. 

a c c e s s i b i l i t y  of  new wavelength r eg ions  

I n  a d d i t i o n ,  t h e r e  a r e  a number of o t h e r  b e n e f i t s  t o  astronomy 
o f f e r e d  by space,  s u c h  as: 

1. continuous un in te r rup ted  viewing (from o t h e r  
t han  low e a r t h  o r b i t )  and 

2.  t h e  a b i l i t y  t o  b u i l d  very l a r g e  s t r u c t u r e s  
much more e a s i l y  than on e a r t h  under l -g  
environment. 

11. ACCESSIBILITY OF NEW WAVELENGTH R E G I O N S  

F igure  1 d i s p l a y s  2 0  decades of t h e  e l ec t romagne t i c  
spectrum. W e  must s tudy  a l l  o f  t h s s e  energy r eg ions  i f  w e  hope 
t o  understand t h e  p h y s i c a l  processes  which occur  i n  t h e  un ive r se .  
P a r t i c u l a r l y ,  w e  must i n v e s t i g a t e  t h e  e n t i r e  e l ec t romagne t i c  
spectrum t o  l e a r n  of t h e  phys ica l  p rocesses  occur r ing  i n  s tars ,  
i n t e r s t e l l a r  space ,  and the ca tac lysmic  even t s  involved i n  t h e  
b i r t h  and dea th  of stars and g a l a x i e s .  I n  t h i s  f i g u r e  w e  see 
t h a t  f r o m  t h e  e a r t h  w e  are l i m i t e d  t o  on ly  f i v e  or  s i x  of t h e  
20  decades of t h e  spectrum t h a t  w i l l  be of i n t e r e s t  and a v a i l a b l e  
from space.  

Some s p e c i f i c  examples of what  w e  can l e a r n  from t h e s e  
new s p e c t r a l  reg ions  a r e  given below. 
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1. ilormal stars r a d i a t e  i n  an approximate blackbody 
manner, so by t h e  Wein law, t h e  wavelength a t  wnich t h e  great-  
es t  energy i s  emi t t ed  i s  given by 

A *  = 0.29/T. 

For t h e  sun,  where T = 6000°K, A *  i s  about 4 . 8  x c m  o r  
4800 A. For a s t a r  wi th  a temperature  of 10 ,000 'K  (a  s ta r  of 
s p e c t r a l  type  AO) t h e  wavelength i s  2900  A ,  which i s  s h o r t -  
ward of  t h e  atmospheric window. Hence from t h e  s u r f a c e  of 
t h e  e a r t h  w e  cannot see t h e  greatest  p o r t i o n  of t h e  energy 
p u t  o u t  by s t a r s  earl ier than s p e c t r a l  t ype  AO. These very 
h o t  stars expend energy a t  a very h igh  r a t e ,  evolve q u i c k l y ,  
and g e n e r a l l y  are p a r t i c u l a r l y  i n t e r e s t i n g  and in fo rma t ive  
o b j e c t s  t o  s tudy .  The a s t r o p h y s i c a l  p rocesses  i n  t h e i r  
atmospheres a r e  q u i t e  d i f f e r e n t  from t h e  sun. Above 10,OOO°K 
most Hydrogen i s  i o n i z e d ,  t h e  atmosphere c o n s i s t s  most ly  of 
hydrogen i o n s  and e l e c t r o n s ,  and t h e  e l e c t r o n  p r e s s u r e  is 
very high.  

0 

0 

2 .  Among t h e  most abundant and important  e lements  i n  
t h e  universe  are Hydrogen, Helium, Carbon, Nitrogen and Oxygen. 
Determination of t h e s e  abundances ( o r  t h e  abundances of any 
elements)  i s  much more unce r t a in  when w e  can only observe 
e x c i t e d  s t a t e  t r a n s i t i o n s .  The resonance t r a n s i t i o n s  ( t o  t h e  
lowest energy states) fo r  t h e s e  elements l i e  i n  t h e  u l t r a v i o l e t .  
Boron and Beryll ium are important  elements s i n c e  they are formed 
i n  t h e  p rocess  of nucleogenesis  as t h e  stars g e n e r a t e  t h e i r  
energy by t h e  conversion of hydrogen i n t o  helium, and t h e i r  
resonance l i n e s  l i e  i n  t h e  UV. These and o t h e r  examples of l i n e s  
of p a r t i c u l a r  i n t e r e s t  are l i s t e d  i n  Table I. These UV absorp- 
t i o n  l i n e s ,  impor tan t  f o r  s t u d i e s  of t h e  r e l a t i o n s h i p  between 
s t e l l a r  evo lu t ion  and t h e  abundance of t h e  e l e m e n t s ,  would be 
observable  i n  even very cool stars. 

Many of t h e s e  same l i n e s ,  p l u s  s o m e  o t h e r s  (e .g .  H 2  
0 

a t  1108 and 1 0 0 8  A) would be impor tan t  f o r  determining t h e  com-  
p o s i t i o n  of i n t e r s t e l l a r  matter.  Matter between stars and 
between g a l a x i e s  may account  f o r  w e l l  over  h a l f  t h e  mass of t h e  
un ive r se ,  so  it i s  very important .  

Emission nebulae,  p a r t i c u l a r l y  p l a n e t a r y  nebulae ,  
are i n  a h igh ly  e x c i t e d  s t a t e ,  b u t  a t  a very l o w  d e n s i t y .  The 
fo rb idden  emission l i n e s  which w e  can observe t h e r e  a l low a s  t o  
determine cons t an t s  of atomic phys ics  f o r  ions  which cannot  be 
s t u d i e d  i n  t h e  l abora to ry .  Examples are 
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Molecules of a s t r o p h y s i c a l  i n t e r e s t  (such as H20, 
CH4, NH3, T i O ,  CH, NH,  OH, C z )  have impor tan t  l i n e s  i n  t h e  UV 

and i n  t h e  I R  which cannot  be observed from t h e  e a r t h .  

3 .  S o m e  of t h e  most e x c i t i n g  as t ronomica l  d i s c o v e r i e s  
have r e c e n t l y  been made n o t  i n  t h e  u s u a l  v i s u a l  s p e c t r a l  r eg ion .  
Quasa r s  and p u l s a r s  w e r e  d i scovered  by r a d i o  astronomers.  S t a r s  
which r a d i a t e  almost a l l  of t h e i r  energy i n  t he  x-ray r eg ion  
have been d iscovered  from space. The re  i s  evidence t h a t  there 
must be a c l a s s  of o b j e c t s  which radiates almost  a l l  of t h e i r  
energy i n  t h e  sub-mil l imeter  r e g i o n ,  which can only be observed 
from space.  Plasma o s c i l l a t i o n s  below 30 MHz can only be  
observed from space ,  and v a s t  amounts of energy may be involved 
i n  such  o s c i l l a t i o n s .  

111. OPTICAL 2ESOLIJTION CAPABILiTY 

Due t o  t h e  turbulence  i n  t h e  e a r t h ' s  atmosphere, 
o b s e r v a t i o n s  made f r o m  t h e  s u r f a c e  of t h e  e a r t h  a r e  t y p i c a l l y  
l i m i t e d  t o  an angular  r e s o l u t i o n  of about  2 a r c s e c .  Under idea l  
c o n d i t i o n s ,  f o r  a very short  p e r i o d  of t i m e ,  r e s o l u t i o n  of 1 / 2  
arcsec can be obtained.  I n  space,  r e s o l u t i o n  i s  l i m i t e d  only  by 
t h e  c a p a b i l i t y  of t h e  ins t rument  i t s e l f .  Resolut ion a s  a func- 
t i o n  of wavelength and a p e r t u r e  i s  shown i n  F igure  2 .  
f i g u r e  a l s o  shows, f o r  example, t h a t  t h e  l a r g e s t  apparent  
s t e l l a r  diameter i s  about .04 arcsec. 

T h i s  

There a r e  t w o  bas i c  reasons  f o r  s t r i v i n g  toward t h e  
maximum p o s s i b l e  r e s o l u t i o n :  

1. fo r  t h e  d i r ec t  a p p l i c a t i o n  of high r e s o l v i n g  power 
t o  see s m a l l  d e t a i l  o r  r e s o l v e  appa ren t ly  s m a l l  
o b j e c t s  ; 

2 .  f o r  t h e  i n d i r e c t  e f f e c t  of i n c r e a s i n g  t h e  tele- 
s c o p e ' s  a b i l i t y  t o  see f a i n t e r  o b j e c t s  by 
packing more photons i n t o  a s m a l l e r  image. 
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A .  High Resolu t ion  

S c i e n t i f i c a l l y ,  we wou d l i k e  h igh  r e s o l u t i o n  t o  
l e a r n  about  t h e  fo l lowing  gene ra l  areas: 

1. Galactic Nebulae 

W e  can l e a r n  a g r e a t  d e a l  about  low d e n s i t y  shock 
phenomena by r e s o l v i n g  f i n e  s t r u c t u r e  i n  p l a n e t a r y  nebulae ,  
t h e  Crab Nebula, and o t h e r  b r i g h t  nebula.  I n  c e r t a i n  turbu-  
l e n t  r eg ions ,  such as i n  Orion and Monoceros, w e  should be 
a b l e  t o  r e s o l v e  p r o t o  stars - stars be ing  born.  

2 .  S t a r s  

With high r e s o l u t i o n  w e  can s e p a r a t e  c l o s e  b ina ry  
stars and l e a r n  more about  t he  n a t u r e  of i n d i v i d u a l  stars 
( m a s s ,  temperature ,  d e n s i t y ) ,  and even r e s o l v e  t h e  a c t u a l  
d i s k s  of some s u p e r g i a n t  s t a r s  such as Bete lguese  and Mira. 
W e  can l e a r n  much about  s t e l l a r  evo lu t iona ry  processes  and 
p a r t i c u l a r l y  about mass loss w i t h  high r e s o l u t i o n  s t u d i e s  of 
s t e l l a r  shells (T Taur i  s t a r s ,  OB stars,  and s u p e r g i a n t s ) .  

3 .  Galaxies  

Much can be learned about g a l a c t i c  e v o l u t i o n  by 
be ing  able t o  r e s o l v e  de t a i l  a t  the  Greatest p s s i l l e  distaiice.  
Because of t h e  t i m e  it takes  l i g h t  t o  reach u s ,  t h e  f a r t h e r  w e  
look i n t o  space,  t h e  far ther  back w e  look i n t o  t i m e .  I f  w e  
can r e s o l v e  s p i r a l  s t r u c t u r e ,  s t e l l a r  a s s o c i a t i o n s ,  i on ized  
hydrogen (H 11) reg ions  and i n d i v i d u a l  b r i g h t  stars w e  c a n  
l e a r n  more about how t h e  l o c a l  g a l a x i e s  must have looked long 
ago. Cruc ia l  t o  s tudying  g a l a x i e s  and cosmological problems 
i s  t h e  d i s t a n c e  scale of the  un ive r se .  Cepheid ( p u l s a t i n g )  
var iable  stars and H I1 r eg ions  i n  g a l a x i e s  a r e  used as 
"s tandard  sources"  t o  determine g a l a c t i c  d i s t a n c e s .  Higher 
r e s o l u t i o n  allows u s  t o  push o u r  c a l i b r a t i o n  of d i s t a n c e  
f a r t h e r  i n t o  space.  A r e  quasars  e x t r a - g a l a c t i c ?  Perhaps 
a c t u a l  r e s o l u t i o n  of t h e i r  s i z e  o r  even s t r u c t u r e  can answer 
t h i s  ques t ion .  

4 .  Edge of t h e  Universe 

Resolut ion of a c t u a l  angular  e x t e n t  of g a l a x i e s  a t  
t h e  "edge of t h e  universe"  can answer t h e  cosmological problem 
of whether t h e  un ive r se  i s  open o r  c losed ,  f o r  i n  t h e  l a t t e r  
case t h e  m o s t  d i s t a n t  ga l ax ie s  would appear l a r g e r  t han  g a l a x i e s  
less d i s t a n t .  
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5. Solar  System 

Na tu ra l ly  w e  desire t h e  best r e s o l u t i o n  p o s s i b l e  t o  
s tudy  s u r f a c e  d e t a i l s  and atmospheric s t r u c t u r e  on t h e  n e a r e r  
p l a n e t s  and t h e i r  moons as w e l l  as comets. Apparently smaller 
o b j e c t s ,  such a s  P l u t o  and smaller moons could be r e so lved  
adequate ly  t o  measure t h e i r  s i z e .  ( T h e  d iameter  of P l u t o  i s  
unknown.) S o l a r  astronomers,  i n  o r d e r  t o  understand t h e  
p h y s i c a l  p rocesses  i n  t h e  sun, d e s i r e  t h e  best p o s s i b l e  r e so lu -  
t i o n  of so la r  g r a n u l a t i o n  ( s u r f a c e  convec t ive  c e l l s ) ,  co rona l  
streamers ( f i n e  s t r u c t u r e  i n  t h e  c o r o n a ) ,  and so l a r  f l a r e s .  

B. Photon G a t h e r i n g  Power 

The c o l l e c t i n g  a rea  of t h e  t e l e s c o p e ,  and thus  t h e  
number of photons it can i n t e r c e p t ,  v a r i e s  as t h e  square  of t h e  
a p e r t u r e .  T h e  area of t h e  image i n t o  which t h e s e  are compressed 
v a r i e s ,  from t h e  Rayleigh formula, i n v e r s e l y  w i t h  t h e  square  of 
t h e  a p e r t u r e .  Hence t h e  photon d e n s i t y  i n  t h e  image, number/ 
a r e a ,  i n c r e a s e s  as t h e  fou r th  power of the  a p e r t u r e :  

4 2 
a ( a p e r t u r e )  number oc ( ape r tu re )  

l 2  (wavelength/aper ture 
a r e a  

On the earth, s i n c e  image area  i s  governed by t h e  atmosphere, 
a 2-meter  t e l e s c o p e  can only p e r c e i v e  4 t i m e s  f a i n t e r  objects 
than  a 1 - m e t e r  t e l e scope .  However, a space-based 2 - m e t e r  
t e l e s c o p e  can pe rce ive  1 6  t i m e s  f a i n t e r  objects than  a space- 
based 1 - m e t e r  t e l e scope .  The  p a r t i c u l a r  n a t u r e  of t h e  i n s t r u -  
mentat ion a t  t h e  focus w i l l  determine u l t i m a t e l y  t h e  a b i l i t y  

4 of t h e  space t e l e s c o p e  t o  u t i l i z e  t h i s  p o t e n t i a l  ( a p e r t u r e )  
g a i n .  

T h i s  p o s s i b i l i t y  of observing extremely f a i n t  objects 
w i l l  a l low us  t o  

1. d i scove r  i n t r i n s i c a l l y  f a i n t  o b j e c t s  i n  t h e  solar  
neighborhood (nearby r e d  dwarfs ,  w h i t e  dwar f s ,  o r  
p o s s i b l e  "dead" s t a r s ) ,  

2 .  s tudy  i n t e r s t e l l a r  m a t t e r  over  extremely long 
p a t h  l e n g t n s ,  

3 .  s tudy  stars and mat te r  i n  t h e  s p h e r i c a l  halo 
around our  galaxy ( t h e s e  o b j e c t s  are  apparent ly  
q u i t e  d i f f e r e n t  from the " d i s k "  popula t ion)  , 
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4 .  s tudy  i n d i v i d u a l  s t a r s  i n  nearby g a l a x i e s  
and dwarf g a l a x i e s ,  and 

5. d e t e c t  extremely remote g a l a x i e s .  

C. Performance Capab i l i t y  

1. F i e l d  of V i e w  

A s  a p e r t u r e  i n c r e a s e s  and t h e  t e l e s c o p e  becomes more 
and more capable  of r e so lv ing  f i n e  d e t a i l  and d e t e c t i n g  f a i n t  
o b j e c t s ,  t h e  r equ i r ed  f i e l d  of view of t h e  t e l e scope  becomes 
smaller. Table  I1 i n d i c a t e s  t h e  f i e l d  of view requirements  
f o r  v a r i o u s  as t ronomica l  t a r g e t s .  I n  many cases  t h e  r e s o l u t i o n  
r equ i r ed  f o r  a tremendous gain i n  s c i e n t i f i c  knowledge is  about  
0 . 1  a r c sec .  F igure  3 shows the f i e l d  of view requ i r ed  ve r sus  
r e s o l u t i o n ,  wi th  t h e  poss ib l e  c a p a b i l i t i e s  of va r ious  t e l e s c o p e s  
i n d i c a t e d .  I t  i s  s e e n  t h a t  t h r e e  t e l e s c o p e  types :  a 3-meter 
Cassegra in ,  a 1 - m e t e r  Ritchey-Chretien ( f o r  wider a n g l e ) ,  and a 
h igh  r e s o l u t i o n  Schmidt ( f o r  even w i d e r  ang le )  can s a t i s f y  t h e  
p r e s e n t  performance requirements .  

The Palomar Sky Survey may r e p r e s e n t  t h e  g r e a t e s t  
d e n s i t y  of d a t a  eve r  c o l l e c t e d  i n  t e r m s  of f i e l d  imaging. The 
photographs each cover an a rea  6 . 6  degrees  on a s i d e ,  w i th  a 
r e s o l u t i o n  of about 2 a r c sec .  Exclus ive  of i n t e n s i t y  informa- 
mation,  each p l a t e  t h u s  con ta ins  some 1 . 4  x 10 b i t s .  I f  a 
space  t e l e s c o p e  i s  capable  of r e s o l u t i o n  t o  . 0 4  a r c s e c  (3-meter 
a p e r t u r e ) ,  t hen  t h e  s a m e  d e n s i t y  of d a t a  w i l l  be conta ined  i n  a 
f i e l d  of 7 . 2  a r c m i n  as i n  t h e  Palomar f i e l d  of 6 . 6  degrees. 

8 

2 .  Requirements on System t o  Obtain High Resolu t ion  

Deta i led  a n a l y s i s  of t h e  a l lowable  t o l e r a n c e s  i s  a 
whole s u b j e c t  i n  i t s e l f .  Some of t h e  more impor tan t  a s p e c t s  
of t h e  problem w i l l  be ou t l ined  he re .  The t e r m  " d i f f r a c t i o n  
l i m i t e d "  i s  ambiguous, and should only  be used i f  one i s  aware 
of a l l  t h e  f a c t o r s  which l i m i t  r e s o l v i n g  power. 

a. Sur face  accuracy of m i r r o r s  

F igure  4 shows t h e  r equ i r ed  r m s  s u r f a c e  accuracy t o  
concen t r a t e  a given f r a c t i o n  of t h e  l i g h t  i n t o  t h e  a r e a  of t h e  
Rayleigh d i s k  f o r  a two mir ror  system ( f o r  a one-mirror,  o r  
prime focus  t e l e s c o p e ,  t h e  s u r f a c e  could have t w i c e  t h e  i n -  
accuracy)  . O p t i c a l  systems a r e  g e n e r a l l y  considered ' 'poor" i f  
t h e  c e n t r a l  d i f f r a c t i o n  maximum c o n t a i n s  less than 8 0 %  of what 
a p e r f e c t  system would conta in .  This  p e r f e c t  system wi th  no 
s u r f a c e  errors,  can only concen t r a t e  8 4 %  of t h e  l i g h t  i n  t h e  
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Rayleigh d i s k ,  so  .8  i n  t h i s  f i g u r e  r e a l l y  means t h a t  only 
6 7 %  of t h e  r e f l e c t e d  l i g h t  i s  i n  t h e  c e n t r a l  maximum. 

The S t r a toscope  I1 m i r r o r  ( 3 6  i nch  d iameter )  w a s  
f i g u r e d  t o  an rms s u r f a c e  accuracy of 2 1 0 0  A ,  which i s  t h e  
h i g h e s t  accuracy y e t  obtained.  I t  i s  r easonab le  wi th  c u r r e n t  
technology and l o t s  of c a r e  and t i m e  t o  g e t  t o  about  2 6 0  A .  
Other  techniques (e .g .  i o n  bombardment, l a s e r  e t c h i n g ,  e t c . )  
might allow h ighe r  s u r f a c e  accuracy, b u t  25-10 A i s  probably 
t h e  u l t i m a t e  l i m i t ,  because t h a t  r e p r e s e n t s  t h e  s i z e  of t h e  
molecules  which make up t h e  mi r ro r  s u r f a c e .  

0 

0 

0 

Two impor tan t  f a c t o r s  which determine our  c a p a b i l i t y  
t o  o b t a i n  high r e s o l u t i o n  wi th  an o p t i c a l  system a r e  t h e  amount 
of l i g h t  i n  t h e  Rayleigh d i s k  and t h e  angular  e x t e n t  of t h a t  
d i s k .  That i s ,  w e  wish t o  put  t h e  g r e a t e s t  f r a c t i o n  of l i g h t  
i n t o  a s m a l l  d i s k .  

I f  w e  d e f i n e  a " r e s o l u t i o n  m e r i t  f i g u r e "  as t h e  f r a c -  
t i o n  of l i g h t  i n  t h e  Rayleigh d i s k  d iv ided  by t h e  diameter  of 
t h a t  d i s k ,  w e  have one p o s s i b l e  way of e v a l u a t i n g  t h e  c a p a b i l i t y  
of a t e l e scope  t o  o b t a i n  high r e s o l u t i o n .  F igure  5 shows t h e  
r e s o l u t i o n  m e r i t  f i g u r e  versus  wavelength. S ince  t h e  s i z e  of 
t h e  image v a r i e s  d i r e c t l y  w i t h  wavelength, a p e r f e c t  system 
approaches i n f i n i t e  r e s o l u t i o n  m e r i t  a t  zero wavelength. Prac- 
t i c a l l y ,  however, it i s  l i m i t e d  by t h e  s u r f a c e  inaccuracies ,  
which are r e l a t i v e l y  worse a t  s n o r t  wavelength. W e  see from 
t h i s  f i g u r e  t h e  r e l a t i v e  advantages of l a r g e  a p e r t u r e s  and h igh  
s u r f a c e  accu rac i e s .  The best r e s o l u t i o n  m e r i t  f i g u r e  f o r  a 
g iven  mi r ro r  system occurs  i n  t h e  u l t r a v i o l e t ,  n o t  i n  t h e  
v i s u a l .  Two impor tan t  f a c t o r s  which a r e  necessary  t o  r e l a t e  
F igu re  5 t o  a p r a c t i c a l  system a r e  t h e  mir ror  r e f l e c t i v i t y  and 
s e n s o r  ( f i l m ,  TV,  e tc . )  performance, both of which are wave- 
l e n g t h  dependent. 

More complete s p e c i f i c a t i o n  of r e s o l u t i o n  c a p a b i l i t y  
i s  ob ta ined ,  wi th  Modulation Trans fe r  Funct ions (MTF) ,  which 
s p e c i f y  i n t e n s i t y  a t  a l l  s p a t i a l  f r equenc ie s  a t  any p o i n t  i n  
t h e  image p lane .  

b .  Mirror  alignment 

I n  o r d e r  t o  o b t a i n  t h e  r e s o l u t i o n  of which t h e  mirrors  
are i n t r i n s i c a l l y  capable  (as descr ibed  above ) ,  they must main- 
t a i n  a c c u r a t e  alignment wi th  each o the r .  Table I11 g i v e s  approx- 
i m a t e  al ignment tolerances of t h e  secondary m i r r o r  w i th  r e s p e c t  
t o  t h e  primary m i r r o r .  The t a b l e  shows t h e  grezit u t i l i t y  of an 
act ive o p t i c a l  e lement ,  w h i c h  r e l a x e s  t h e  mi r ro r  alignment 
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t o l e r a n c e s  wi th  r e s p e c t  t o  t h e  o p t i c  ax is  by between one and 
t w o  o r d e r s  of magnitude. T h e s e  numbers are based on s imple  
c o n s i d e r a t i o n s  of geometr ica l  r a y  traces and d i f f r a c t i o n  
theory .  It i s  expected t h a t  a d e t a i l e d  MTF a n a l y s i s  might 
w e l l  t i g h t e n  t h e s e  t o l e r a n c e s .  

c. Po in t ing  s t a b i l i t y  

I f  t h e  t e l e s c o p e  mirrors are f i g u r e d  and a l igned  
p r o p e r l y ,  they  must f u r t h e r  be a c c u r a t e l y  po in ted  i n  space.  
I f  t h e  image wanders i n  t h e  f o c a l  p l ane  due t o  t e l e s c o p e  
" j i t t e r " ,  then  t h e  image i s  smeared and i s  no longe r  " d i f f r a c -  
t i o n  l i m i t e d " .  Depending on t h e  performance w e  d e s i r e ,  t h e  
p o i n t i n g  s t a b i l i t y  should be 4x t o  lox  b e t t e r  t han  t h e  reso lu-  
t i o n  c a p a b i l i t y  of t h e  t e l e scope .  This  r e q u i r e d  p o i n t i n g  
s t a b i l i t y  which would be . 0 1  t o  .004  arcsec f o r  a 3-meter 
t e l e s c o p e ,  would m o s t  l i k e l y  be achieved n o t  by c o n t r o l l i n g  
t h e  e n t i r e  t e l e s c o p e  (hence t h e  primary m i r r o r )  b u t  by us ing  
a l o w  m a s s  moving o p t i c a l  element t o  fo l low any image motion 
t o  t h e  r equ i r ed  accuracy. F r o m  Table 111 w e  s a w  t h e  advantage 
of  such an a c t i v e  o p t i c a l  element i n  reducing t h e  mechanical 
alignment t o l e r a n c e s .  

d. Thermal c o n t r o l  

Obviously a l l  t h e  above are s t r o n g l y  in f luenced  by 
any thermal  g r a d i e n t s  aiid t r a n s i e n t s  i n  t h e  telescope. Extreiiiely 
p r e c i s e  thermal  c o n t r o l  i s  necessary  t o  main ta in  t h e  m i r r o r  
f i g u r e  and alignment.  The exac t  thermal  t o l e r a n c e s  depend on 
t h e  materials used,  b u t  are g e n e r a l l y  less than  one degree  f o r  
t h e  mirrors .  S l o w  temperature  v a r i a t i o n s  o r  thermal  g r a d i e n t s  
i n  t h e  s t r u c t u r e  may be cons iderably  l a r g e r  i f  there i s  an 
a c t i v e  o p t i c a l  element t o  compensate f o r  any s m a l l  s t r u c t u r a l  
warpages. 

I V .  SKY BACKGROUND 

The sky background as seen from t h e  e a r t h  i n  o p t i c a l  
wavelengths i s  produced by 

1. a i rg low atomic and d i s c r e t e  molecular  emission l i n e s ,  
2 .  a i rg low continuum, inc lud ing  cosmic r ay  produced 

3 .  S c a t t e r e d  l i g h t  ( c i t i e s ,  s tars,  moon, e t c . ) ,  

4 .  Zodiacal l i g h t  and Gegenschein, and 
5. unreso lvable  background stars and g a l a x i e s .  

Cerenkov r a d i a t i o n ,  
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By going i n t o  space,  w e  can avoid t h e  f i r s t  three of 
these sources  of background. T h i s  i s  p a r t i c u l a r l y  n i c e  because 
t h e s e  t h r e e  sou rces  are a l l  s t r o n g l y  t i m e  and d i r e c t i o n  depen- 
dent .  Thus the  AC component of t h e  background i s  removed. 

The l a r g e s t  background i n  space  i s  produced by t h e  
zod iaca l  l i g h t .  
is  about  40 t e n t h  magnitude s tars  p e r  squa re  deg ree ,  or  23.8 
magnitudes. T h i s  i s  about  . 3  magnitude less than  a "dark" 
sky on e a r t h .  

The minimum background a t  t h e  e c l i p t i c  p o l e s ,  

The lack of a v a r i a b l e  background w i l l  a l l o w  

1. obse rva t ions  of f a i n t e r  stars 
2.  d e t e c t i o n  of extended objects 

3 .  h igh ly  a c c u r a t e  photometr ic  measures ( t o  
f . O O O 1  mag. o r  better)  

4 .  t i m e  r e s o l u t i o n  of var iable  phenomena, 
p a r t i c u l a r  v a r i a b l e  stars such as e c l i p s i n g  
stars, Cepheid and RR Lyr type  v a r i a b l e s ,  
p u l s a r s ,  and nova. 

1015-DBW-caw 
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TABLE I 

SOME ULTRAVIOLET LINES OF ASTROPHYSICAL INTEREST 

ELEMENT / ION 

H I  
Ne I 
Ne I1 
C I  
c I1 
c IV 
N I  
N I1 
N V  
0 1  
0 VI 

Be I 
E 1  

B I1 
B I11 

Mg 1 
Mg I1 
Si I 
Si I1 
S I  
s I1 
A1 I 
A1 I1 

WAVELENGTH (i) 
1216 
584 
304 

1561 
1335 
1549 
1200 
1085 
1240 
1302 
1035 

2349 
2090  

1362 
2067 

- 

2852 
2800 
2060 
1533 
1807 
1255 
2800 
1670 
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Milky Way; some large s t e l l a r  a s s o c i a t i o n s  

TABLE I1 

FIELD O F  VIEW R E Q U I R E D  TO OBSERVE MOST ASTRONOMICAL OBJECTS 

FIELD I OBJECTS 
I 

4 5" 

4 4 '  

6 30' 

I n d i v i d u a l  s tars;  g a l a x i e s  a t  the  ''edge" of t h e  
un ive r se  

Globular  c l u s t e r s ;  p l a n e t a r y  nebulae;  p l a n e t s ;  
some emission nebulae;  d i s t a n t  g a l a x i e s ;  so l a r  
active r eg ions .  

Most g a l a x i e s ;  some c l u s t e r s  of g a l a x i e s ;  s o m e  
g a l a c t i c  c l u s t e r s  and emission nebulae;  w 
Centaur i  ( n e a r e s t  g lobu la r  c l u s t e r ) ;  sun;  moon 

Andromeda ga laxy;  S m a l l  Magel lanic  Cloud;* most 
g a l a c t i c  c l u s t e r s ;  dark  nebulae;  emission nebulae;  
m o s t  c l u s t e r s  of g a l a x i e s  

S t e l l a r  associations;  Large Magel lanic  Cloud;* 
g a l a c t i c  c l u s t e r s ;  c l u s t e r s  of g a l a x i e s  

*The Large Magellanic Cloud (LMC) and S m a l l  
Magellanic Cloud (SMC) are t h e  n e a r e s t  t o  ours. 
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Motion of 
secondary 

TABLE I11 

w i t h  an a c t i v e  o p t i c a l  
e l emen t  t o  fo l low any 
g r o s s  motion of whole 

image 

TYPICAL ALIGNMENT TOLERANCES FOR Alq f -30 CASSEGRAIN TELESCOPE 

Ro ta t ion  about 
v e r t e x  1 arcmin 

Motion Perpen- 
d i c u l a r  t o  
o p t i c  ax i s  

0.1 mm 

Motion a long  
o p t i c  a x i s  0 .01  mm 

wi thou t  an a c t i v e  
o p t i c a l  e lement  

1 a r c s e c  

~- 

.003 mm 

0.01 mm 
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